It is well acknowledged that cerebral arterial and venous diseases, such as acute and chronic ischemic or hemorrhagic brain lesions, cerebral venous thrombosis (CVT), and nonthrombotic cerebral venous sinus stenosis, have been commonly investigated. [1] [2] [3] [4] [5] [6] However, the role of extracranial venous disorders in the central nervous system (CNS), particularly the jugular vein abnormality, is far from comprehensive. Recently, jugular venous outflow disturbance secondary to various factors that interfere with normal cerebral blood drainage has gained a particular interest. In our clinical practice, a cohort of nonthrombotic and nonosseous com- The first two authors equally contributed to this study. in combination with stenting implantation may be a safe and efficient way to restore normal blood circulation, alleviate the discomfort symptoms, and enhance patients' quality of life. In addition, surgical removal of structures that constrain the internal jugular vein may serve as an alternative or adjunctive management when endovascular intervention is not feasible. Notably, discussion on every aspect of this newly recognized disease entity is in the infant stage and efforts with more rigorous designed, randomized controlled studies in attempt to identify the pathophysiology, diagnostic criteria, and effective approaches to its treatment will provide a profound insight into this issue.
| INTRODUC TI ON
It is well acknowledged that cerebral arterial and venous diseases, such as acute and chronic ischemic or hemorrhagic brain lesions, cerebral venous thrombosis (CVT), and nonthrombotic cerebral venous sinus stenosis, have been commonly investigated. [1] [2] [3] [4] [5] [6] However, the role of extracranial venous disorders in the central nervous system (CNS), particularly the jugular vein abnormality, is far from comprehensive. Recently, jugular venous outflow disturbance secondary to various factors that interfere with normal cerebral blood drainage has gained a particular interest. In our clinical practice, a cohort of nonthrombotic and nonosseous compressive internal jugular vein (IJV) stenosis patients with idiopathic intracranial hypertension-mimic presentations have been noticed. 7 Previous studies have also revealed that IJV anomalies are probably related to a wide range of neurological diseases and their corresponding clinical manifestations. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Herein, in this review, we highlight the need for a better understanding of IJV outflow disturbance-related CNS disorders, and clinical aspects of IJV anomalies regarding the etiology, proposed pathogenesis, clinical manifestations, and diagnosis as well as therapeutic regimens are recapitulated.
| E TI O LO GY
Based on the available evidence, a number of factors might be responsible for the abnormal IJV outflow and those can be briefly categorized as follows.
| Intraluminal anomalies
Intraluminal anomalies of the IJV refer to the innate defective or acquired structures extending from the vessel wall, which may impair the normal blood flow draining from the brain. These anomalies generally include membrane, web, multisepta, flaps, and malformed venous valves such as long, ectopic, accessory or fused leaflet, inverted valves, and double valves ( Figure 1 ). [18] [19] [20] [21] Anatomical conditions such as arachnoid granulations may pose mass effect on venous vessels and simulate focal thrombosis as well. Doppler ultrasonography and intravascular ultrasound are two modalities that are able to clearly visualize intraluminal structures. 21 Notably, the prevalence of intraluminal anomalies in the general population and their relevance to the extent of IJV narrowing are currently unknown.
| Extraluminal anomalies
Anatomical variants and masses outside the IJV are vital factors that can compress the IJV and narrow the venous lumen. It has been proposed that mediastinal tumors or goiter, osseous impingement, particularly bony structures between the styloid process and lateral mass of cervical vertebra at C1 segment, and adjacent abnormally engorged arteries as well as aneurysms are correlated with IJV stenosis or occlusion ( Figure 1 ). [22] [23] [24] [25] Compelling studies have also unraveled a link between neurogenic thoracic outlet syndrome and IJV abnormalities. 26 
| Systemic factor-related IJV anomalies
The origin of either intraluminal or extraluminal structural anomalies may be a consequence of comorbidities including bacterial or viral infections, inflammatory processes, and chronic cardiovascular, renal osteodystrophy, or pulmonary diseases. 27 Jugular venous reflux (JVR) occurs when there exists an abnormally elevated venous pressure gradient. Sustained JVR may render the IJV valves incompetent and pose a retrograde transmitted pressure into the CNS, whereby hampering the cerebral parenchyma and circulation. 28, 29 It seems that the prevalence of JVR increases with age and the severity of JVR-associated white matter lesions (WMLs)
is aging-dependent. 29, 30 Moreover, a couple of vascular risk factors such as smoking, lack of exercise, and obesity have been reported in association with the presence of venous abnormalities in the IJV.
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| PROP OS ED PATHOPHYS IOLOGY
So far, the understanding with regard to the underlying mechanisms of IJV outflow disturbance-induced brain structural and functional disorders is limited. To the best of our knowledge, there are several hypotheses that might help answer these conundrums.
| Anatomic characteristics of the IJV
The two IJVs are the largest cervical veins that play an indispensable role in draining cerebral venous blood flow. Physiologically, the paired IJVs can interconnect with each other via anastomosing venous plexi, which are considered as main collateral channels that maintain a fluent venous drainage when the IJVs are restricted. [33] [34] [35] Communications are also present between the IJVs and the other Increased CSF pulsatility was also observed in IJV abnormalities patients without any history of MS, implying that altered intracranial CSF dynamics might primarily result from impaired cerebral venous drainage instead of MS itself. 50 Even though the precise mechanisms involved are poorly understood, it is reasonable to postulate that IJV outflow disturbance-related intracranial venous hypertension, particularly in the superior sagittal sinus, is capable of blunting the absorption of CSF through the arachnoid villi, leading to abnormal CSF dynamics.
| Aging and IJV
Advancing age has been shown to be associated with a group of structural and functional changes of blood vessels, such as arteriolar stiffness and tortuosity, endothelial dysfunction, decreased microvascular density, and BBB impairment. 51 Nevertheless, the extent to which the morphology and function of the IJV alters with senescence has not been fully explored. A high prevalence of JVR in the elderly as well as more prominent age-related WMLs among those with severe JVR is suggestive of the role of aging in IJV disturbanceassociated CNS disorders. 30 In addition, the cross-sectional area (CAS) of the IJV in healthy volunteers seems to increase with aging even after adjusting for vascular risk factors, indicating a propensity to elevated venous pressure and vessel distension. 52 Many questions remain unanswered at the moment, and it goes without saying that much more work is required to validate the association between aging and extracranial venous abnormalities.
| CLINIC AL MANIFE S TATIONS
There is strong evidence showing that venous outflow abnormalities can contribute to the development of intracranial hypertension.
The degree of clinical presentations of IJV outflow disturbance may vary from none to severe based on individual variation and compensatory capability. Broadly speaking, these characteristics such as headache, pulsatile tinnitus, visual impairment, sleep disturbance, and neck discomfort or pain may mimic, at least partially, those of idiopathic intracranial hypertension and chronic cerebral circulation insufficiency. it is arduous to clearly differentiate clinically significant abnormalities form physiological variations considering the high anatomical variability of the IJV. Therefore, single diagnostic modality is definitely far from enough, and it is likely that a more comprehensive approach is warranted to screen, diagnose, and monitor these venous abnormalities.
| D IAG NOS IS
| Doppler ultrasonography
Doppler ultrasonography is a widely used imaging technique that has also been recently studied in the field of IJV abnormalities.
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Merits with respect to the noninvasiveness, free of ionizing radiation, easy portability, and low expenditure render it the first option for routine examination. Besides, it can provide dynamic hemodynamic information such as blood flow and blood velocity with high resolution and enable the assessment of intraluminal anomalies or developmental variants. Major drawbacks of ultrasonography include poor visualization of some parts of the IJV such as the cervical region and the jugular bulb, time-consuming, and operator skill-dependent.
| Magnetic resonance venography
Compared with Doppler ultrasonography, magnetic resonance venography (MRV) is capable of depicting a more comprehensive view of the morphology of the head and neck veins, (Figure 2 ).
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Generally, it takes less time and is relatively operator-independent, enabling the possibility of being utilized in the blinded and multicenter 
| Cervical plethysmography
| Catheter venography and ultrasonography
Despite being viewed as a gold standard imaging technique for evaluating the degree of vascular stenosis and measuring the transstenotic pressure gradient for planning endovascular procedures, catheter venography (CV) is unable to provide enough information regarding the intraluminal anomalies that affect the regular venous outflow ( Figure 3) . 20, [71] [72] [73] Additionally, the features of invasiveness and being exposed to contrast agents or radiation render it a F I G U R E 3 Cather venography of unilateral internal jugular vein (IJV) stenosis. A, shows severe stenosis of the IJV on the right side (blue arrow) and a significantly increased number of abnormal tortuous collateral veins (red arrows) before stenting. B, shows, after intervention with stenting, the former stenotic lumen is recanalized (blue arrow) and the abnormal collaterals were distinctly reduced (red arrows) suboptimal choice in a clinical scenario where the IJV outflow disturbance is suspected. 
| Other diagnostic techniques MR black-blood thrombus imaging technique (MRBTI), as a novel
approach for the detection of CVT, has begun to garner an increasingly attention of researchers. This noncontrast method could suppress the blood signal and differentiate the thrombi from surrounding structures, enabling a direct visualization and quantitative measurement of intraluminal thrombi with high accuracy. 74 To be noted, a set of patients with IJV outflow disturbance display thrombi inside the unilateral and/or contralateral IJV, and they sometimes concomitantly have CVT as well. In this regard, MRBTI may hold promise to serve as a valuable alternative to current techniques.
Severe papilledema, secondary to elevated intracranial hypertension, if not diagnosed and intervened promptly, may result in permanent visual damage or even blindness. Optical coherence tomography (OCT) has emerged as a noninvasive diagnostic tool for evaluating optic nerve status by measuring parameters such as retinal nerve fiber layer thickness and total retinal measurements. 75 This kind of approach could be of interest in a wide cohort of patients who get admitted to medical facilities due to ophthalmological complaints.
| TRE ATMENT
At present, there is no consensus among researchers with respect to the optimal strategy for IJV outflow disturbance due to an absence 
| CURRENT CHALLENG E S
Unlike the arterial system, the role of extracranial venous drainage abnormalities is largely unknown and several conundrums lying ahead await to be tackled.
The IJV is complicated with variability between individuals, and it harbors the feature of asymmetry, where one IJV may be much larger than the other as a result of preferential intracranial venous drainage.
IJV stenosis has also been reported in healthy subjects without any The proposed pathophysiology of impeded extracranial venous drainage can be briefly summarized as following three aspects: (i) reduced cerebral blood perfusion; (ii) altered CSF dynamics; and (iii) disrupted intracranial microvasculature. However, the detailed mechanism through which venous drainage abnormalities affect the cerebral circulation is basically unexplored that requires to be further addressed. 
| CON CLUS IONS
In summary, IJV outflow disturbance is an increasingly recognized disease entity among patients with or without other CNS disorders.
The clinical manifestation of IJV outflow disturbance is heterogeneous and sometimes even insidious. So far, the understanding regarding its etiology, pathogenesis, diagnostic criteria, therapeutic strategies, and long-term clinical outcomes is far from enough, which may have clinicians underestimate the scale of the problem, resulting in misdiagnosis and treatment delay. Future efforts with more rigorous designed clinical studies aiming at figuring out these unknown mysteries and exploring either surgical or nonsurgical interventions to optimize the treatment for IJV outflow disturbance will provide a profound insight into this issue.
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